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Applying the voltage input to
a pre-amplifier stage 301

l

Applying a voltage input to a gm stage, the
gain of the gm stage being offset by
the pre-amplifier stage 302

l

Applying a voltage input to
an integrator stage 303
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1
THREE STAGE AMPLIFIER

CROSS REFERENCE TO RELATED
APPLICATION

The present invention benefits from priority afforded by
U.S. patent application Ser. No. 61/794,639, entitled “Three
Stage Amplifier,” filed Mar. 15, 2013, the disclosure of which
is incorporated herein in its entirety.

BACKGROUND OF THE INVENTION

The present invention relates generally to signal amplifiers
and applications thereof. The accuracy of many electronic
systems is degraded if critical amplifiers cannot supply cur-
rents that are sufficient to accurately amplify input signals.
For example, signal amplifiers are often required to drive
loads which partially or wholly comprise a capacitive load. To
generate an accurate amplified version of an input signal
across these capacitive loads, an amplifier provides high cur-
rents which can accurately alter the output signal’s amplitude.

An example amplifier is an amplifier in a multiplying digi-
tal-to-analog converter (MDAC) of a pipelined analog-to-
digital converter system. Such systems are configured with
successive converter stages which each convert an analog
input signal to respective digital bits of a final digital code that
corresponds to the analog input signal.

Integrated circuit MDACs are often configured with
capacitors that are switched in a first portion of each sample
period to receive a charge from the residue signal of the
preceding converter stage and switched in a second portion of
each sample period to transfer this charge to an output capaci-
tor. These charging and transferring processes are generally
accomplished with the aid of an MDAC amplifier and the
accuracy of these processes is dependent upon the ability of
this amplifier to provide high-level currents to the MDAC
capacitors.

In general, NMOS devices have higher trans-conductance
than PMOS devices for the same current density and relative
parasitic capacitance values. As a result, NMOS devices are
desirable as the gain devices in an amplifier. Although PMOS
devices can also be used, PMOS devices are more often used
as passive devices, such as current sources for biasing the
NMOS gain devices. In a 65 nmLP process, the PMOS
devices have slightly lower intrinsic gain, 6.6 vs. 7.5, as their
NMOS counterparts and their trans-conductance is about
50% lower.

In order to increase the intrinsic gain of a stage, the output
impedance of the PMOS current source, relative to the NMOS
device, is high. An output resistance of 15 kilo-ohms can
reduce the NMOS gain by 10%. If a single device were used,
then the PMOS intrinsic gain would need to be 51, which
would require a prohibitively large gate length and associated
device parasitic capacitance. As such, the PMOS current
sources can be cascoded. If the desire is to stay within the
supply rail of the process, then the output swing would be
severely compromised. To overcome this problem, the ampli-
fier’s current sources are typically cascoded and operate from
supplies greater than the supply rail of the process. However,
this causes an increase in power and has the undesirable
challenge of making sure all devices stay within their oper-
ating breakdown voltage during start-up, shutdown, and over-
driven conditions.

Prior designs have also used extended supply voltages to
cascode devices, calibration, and miscellaneous gain
enhancement techniques. While the latter two are desirable
for fine line CMOS MDAC amplifiers designs where the
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intrinsic gains of the devices are small, using the extended
supply voltage increases power and reduces reliability.
Accordingly, an amplifier that achieves sufficient open loop
gain, while still maintaining closed loop bandwidth, is
needed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a block diagram of a cascaded three stage
amplifier according to an example embodiment of the present
invention.

FIG. 2 illustrates a circuit diagram of a cascaded three stage
amplifier according to an example embodiment of the present
invention.

FIG. 3 illustrates a method of amplifying a signal accord-
ing to an example embodiment of the present invention.

FIG. 4 illustrates a circuit diagram of an amplifier stage
structure according to an example embodiment of the present
invention.

FIG. 5 illustrates a circuit diagram of a pre-amplifier stage
structure according to an example embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

The embodiments of the present invention provide a cas-
caded amplifier including a pre-amplifier stage having a pair
of first transistors, each of the first transistors having a first
gate terminal coupled to a first input voltage, a trans-conduc-
tive (gm) amplifier stage having a pair of second transistors,
each of the second transistors having a second gate terminal
coupled to a drain terminal of one of the first transistors, and
an integrator amplifier stage having a pair of third transistors,
each of the third transistors having a third gate terminal
coupled to a drain node of one of the second transistors, each
of'the third transistors having their drain terminals coupled to
an output voltage.

FIG. 1 illustrates a block diagram of an amplifier 100
according to an example embodiment of the present inven-
tion. The amplifier 100 may have three stages including a
pre-amplifier stage ST, a trans-conductive (gm) stage ST,,
and an integrator stage ST;. The pre-amplifier stage ST, may
receive differential voltage inputs (V,, V,,) that are coupled to
pre-amplifier 110. The gm stage ST, may include gm stage
amplifier 120, and integrator stage ST; may include an ampli-
fier 130 as well as capacitors 140 and resistors 150 to produce
a differential voltage at outputs (V,, V_,). In addition, a
feedback loop having amplifier 160 may be included between
voltage outputs and the inputs of the gm stage ST,.

In an example implementation, the pre-amplifier stage ST,
may have a gain of 4.5, the gm stage ST, may have a gain
between 7 and infinity (say nominally 70), and the integrator
stage ST; may have a gain 7. In total, the example implemen-
tation of amplifier 100 has a nominal open loop gain of 2200
or 67 dB. As will be described below, each stage may have a
similar structure, the pre-amplifier stage ST, varying slightly.

FIG. 2 illustrates a circuit diagram of an amplifier 200
according to an example embodiment of the present inven-
tion. The amplifier 200 may have three stages including a
pre-amplifier stage ST, a gm stage ST,, and an integrator
stage ST;. The pre-amplifier stage ST, may receive voltage
inputs (V,, V,,) that are coupled to pre-amplifier stage tran-
sistors 210A, 210B. The gm stage ST, may include gm stage
transistors 220A, 220B, and integrator stage ST; may include
transistors 230A, 230B, capacitors 240 A, 240B, and resistors
250A, 2508 to produce voltage outputs (V,, V).
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Inputs of the amplifier 200 may be provided to gates of
pre-amplifier stage transistors 210A, 210B as voltage inputs
(V;, V,,,), and the outputs are coupled to gm stage transistors
220A, 220B. The pre-amplifier transistors 210A, 210B drive
the gm stage transistors 220A, 220B, and the drains of the gm
stage transistors 220A, 220B can be coupled the inputs of
integrator stage transistors 230A, 230B. The integrator stage
transistors 230A, 230B are coupled to gm stage transistors
220A, 220B through capacitors 240 and resistors 250 to pro-
duce voltage outputs (V,, V,,). The intrinsic gain of the
pre-amplifier stage transistors 210A, 210B can also be
adjusted by putting a resistor or triode device in parallel with
their outputs.

The gain of the pre-amplifier stage ST, is directly related to
the frequency response of the amplifier 100. The frequency
response (i.e., loop transfer function) of the amplifier 100 is
given as follows:

vo -1
Vi {sCc/(feedback_gainx gm = Apre)}(sTbb + 1)(sTpre + 1)

As can be understood from the frequency response, the
trans-conductance gm needed for the gm stage ST, can be
reduced by the gain of the pre-amplifier stage ST, . If the gain
of the pre-amplifier stage ST, is N, then the size of the gm
stage ST, can be reduced by N.

In operation, the gm stage ST, can unload the output of the
pre-amplifier stage ST, which also increases the bandwidth of
pre-amplifier stage transistors 210. In addition, the gm stage
ST, can drive the input of the integrator stage ST to increase
its loop gain over frequency (i.e., increase the broad-banding
of the non-dominant pole). Accordingly, an increase in the
pre-amplifier stage gain Apre reduces the loading of the out-
put of the pre-amplifier stage transistors 210A, 210B and also
reduces the loading of the input of the integrator stage tran-
sistors 230A, 230B. The closed loop time constant is also a
function of the pre-amplifier stage gain Apre.

In some instances, the pre-amplifier gain Apre may be set
to be approximately one half or greater the intrinsic gain of
pre-amplifier stage transistors 210. In these instances, the
output loading of the gm stage to the integrator stage is
negligible and can be ignored. The integrator broad-banded
time constant Tbb can be reduced due to the increased inte-
grator stage loop feedback and slightly reduced loading.

The frequency response of the amplifier 200 is also a func-
tion of a pre-amplifier time constant Tpre associated with the
output impedance of the pre-amplifier transistors 210 and
input load of 220. In some cases, it may be desirable to
maintain an RMS time constant similar to existing two-stage
cascaded amplifiers. When trying to emulate a two-stage
amplifier, the pre-amplifier time constant Tpre can be set
accordingly.

Accordingly, an improved three stage cascaded amplifier is
provided. The example amplifier 100 provides sufficient
open-loop gain and closed-loop bandwidth. In addition, the
amplifier 100 operates within the supply voltage limits (e.g.,
1.2V volt supply for a 65 nmL.P CMOS process) for a given
process. Other advantages include increased gm stage output
swing and lower sensitivity to process, supply, and tempera-
ture variations. When compared to existing two stage ampli-
fiers, the open loop gain is only slightly reduced, but the
frequency characteristics are maintained. The example
amplifier architecture is not limited to any particular CMOS
technology.
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FIG. 3 illustrates a method of amplifying a signal accord-
ing to an example embodiment of the present invention.

At 301, the pre-amplifier stage transistors 210A, 210B may
receive voltage inputs (V,, V,,)). As voltage inputs (V,, V,,,) are
amplified by the pre-amplifier stage ST, the amplitude of the
inputs can be increased by a factor of N. Here, the gain of the
pre-amplifier stage transistors 210A, 210B can be adjusted by
adding a resistor or triode device in parallel with their outputs.

At 302, the gm stage transistors 220A, 220B unload the
pre-amplifier stage transistors 210. Since the gain of the pre-
amplifier stage is N, the gain of the gm stage can be reduced
by N. As discussed above, the frequency response of the three
stage amplifier system 200 illustrates that the trans-conduc-
tance needed for the gm stage can be reduced by the gain of
the pre-amplifier stage transistors 210A, 210B.

At 303, the integrator stage transistors 230A, 230B receive
current from the gm stage transistors 220A, 2208 through
capacitors 240 and resistors 250 to produce voltage outputs
(Voi Von)'

FIG. 4 illustrates a circuit diagram of an amplifier stage
structure 400 according to an example embodiment of the
present invention. An alternative structure is shown in FIG.
4(B). The amplifier stage circuit 400 may include two pairs of
input transistors 410 and 420 as well as 430 and 440. A first
transistor of each pair (i.e., transistors 410 and 430) may
provide a conductive path to a first supply voltage V. A
second transistor of each pair (i.e., transistors 420 and 440)
may provide a conductive path to ground. Gate terminals of
each transistor pair is coupled to an input terminal V,, V,,. and
drain terminals are coupled to output terminals V,, V.

The amplifier 400A illustrated in FIG. 4A is biased
between a voltage and ground. Although the amplifier illus-
trated in FIG. 4B is similar, amplifier 400B also includes a
current source transistor 450 coupled to a bias voltage, Vbias
460 to supply the bias current for the amplifier. Alternatively,
a bias voltage could also be supplied and coupled to V. In
another alternative, an NMOS current source could bias the
amplifier through the sources of the NMOS devices and the
PMOS devices could be coupled to V.

FIG. 5 illustrates a circuit diagram of a pre-amplifier stage
structure 500 according to an example embodiment of the
present invention. The pre-amplifier stage circuit 500 may
include two pairs of input transistors 510 and 520 as well as
530 and 540. A first transistor of each pair (i.e., transistors 510
and 530) may provide a conductive path to a first supply
voltage V. A second transistor of each pair (i.e., transistors
520 and 540) may provide a conductive path to negative
supply voltage Vss (e.g., —1V). Gate terminals of each tran-
sistor pair is coupled to an input terminal V,, V, , and drain
terminals are coupled to output terminals V,, V..

In the pre-amplifier stage 500, each of the output terminals
Vs V, is coupled to common mode set transistors 570 and
common mode impedance devices 580 and gain impedance
devices 585. For example, impedance devices 580A, 580B
can be resistors, or switched capacitors. In another example,
impedance devices 585A, 585B can be resistors or triode
devices.

The pre-amplifier stage 500 also includes current source
transistors 550A, 550B coupled to bias voltages, VbiasA
560A and VbiasB 560 B respectively, to supply the bias
current for the amplifier. Similar to amplifier stage 4008,
alternative implementations of pre-amplifier stage 500 may
be implemented. For example, a bias voltage could also be
supplied and coupled to V.. In another alternative, an
NMOS current source could bias the amplifier through the
sources of the NMOS devices and the PMOS devices could be
coupled to V.
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It will be apparent to those skilled in the art that various
modifications and variations can be made in the input current
cancellation scheme for fast channel switching analog to
digital converters of the present invention without departing
form the spirit or scope of the invention. Thus, it is intended
that the present invention cover the modifications and varia-
tions of this invention provided they come within the scope of
the appended claims and their equivalents.

What is claimed is:

1. A cascaded amplifier arranged in a closed-loop configu-
ration, comprising:

apre-amplifier stage having a pair of first transistors, each

of'the first transistors having a first gate terminal coupled
to a first input voltage;

a trans-conductive (gm) amplifier stage having a pair of

second transistors, each of'the second transistors having
a second gate terminal directly connected to a drain
terminal of one of the first transistors; and

an integrator amplifier stage having a pair of third transis-

tors, each of the third transistors having a third gate
terminal directly connected to a drain node of one of the
second transistors, each of the third transistors having
their drain terminals coupled to an output voltage.

2. The cascaded amplifier according to claim 1, wherein
source terminals of the first transistors are directly connected
as a differential pair amplifier.

3. The cascaded amplifier according to claim 1, wherein
source terminals of the second transistors are directly con-
nected as a differential pair amplifier.

4. The cascaded amplifier according to claim 1, wherein
source terminals of the third transistors are directly connected
as a differential pair amplifier.

5. The cascaded amplifier according to claim 1, wherein an
integrator capacitor is disposed between gate and drain nodes
of each of the third transistors.

6. The cascaded amplifier according to claim 5, wherein the
integrator capacitor’s value determines the closed loop band-
width of the amplifier.

7. The cascaded amplifier according to claim 1, wherein
trans-conductance of the gm stage is increased according to
the gain of the pre-amplifier stage.

8. The cascaded amplifier according to claim 1, further
comprising a resistor or triode device connected in parallel
with the drain terminals of the first transistors of the pre-
amplifier stage to control the gain.

9. The cascaded amplifier according to claim 1, wherein the
first, second, and third transistors are NMOS transistors.

10. The cascaded amplifier according to claim 1, wherein
the first, second, and third transistors are PMOS transistors.

11. A multiplying digital-to-analog converter (MDAC)
amplifier comprising the cascaded amplifier according to
claim 1.

12. A cascaded amplifier, comprising:

apre-amplifier stage having a pair of first transistors, each

of'the first transistors having a first gate terminal coupled
to a first input voltage;

a trans-conductive (gm) amplifier stage having a pair of

second transistors, each of'the second transistors having
a second gate terminal coupled to a drain terminal of one
of the first transistors; and

an integrator amplifier stage having a pair of third transis-

tors, each of the third transistors having a third gate
terminal coupled to a drain terminal of one of the second
transistors, each of the third transistors having a drain
terminal coupled to an output voltage,

wherein a gain of the pre-amplifier stage multiplied by a

trans-conductance of the gm amplifier stage multiplied
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by an integrator capacitor value of the integrator ampli-
fier stage controls a closed loop bandwidth of the cas-
caded amplifier.

13. The cascaded amplifier according to claim 12, wherein
the second gate terminals of the second transistors are directly
connected to the drain terminals of the first transistors, and the
third gate terminals of the third transistors are directly con-
nected to the drain terminals of the second transistors.

14. The cascaded amplifier according to claim 12, wherein
source terminals of the first transistors are directly connected
to each other, source terminals of the second transistors are
directly connected to each other, and source terminals of the
third transistors are directly connected to each other.

15. A cascaded amplifier, comprising:

a pre-amplifier stage having a pair of first transistors, each
of'the first transistors having a first gate terminal coupled
to a first input voltage;

a trans-conductive (gm) amplifier stage having a pair of
second transistors, each of the second transistors having
a second gate terminal coupled to a drain terminal of one
of the first transistors; and

an integrator amplifier stage having a pair of third transis-
tors, each of the third transistors having a third gate
terminal coupled to a drain terminal of one of the second
transistors, each of the third transistors having a drain
terminal coupled to an output voltage,

wherein a gain of the pre-amplifier stage multiplied by a
gain of the gm amplifier stage multiplied by a gain of the
integrator amplifier stage controls an open loop gain of
the cascaded amplifier.

16. The cascaded amplifier according to claim 15, wherein
the second gate terminals of the second transistors are directly
connected to the drain terminals of the first transistors, and the
third gate terminals of the third transistors are directly con-
nected to the drain terminals of the second transistors.

17. The cascaded amplifier according to claim 15, wherein
source terminals of the first transistors are directly connected
to each other, source terminals of the second transistors are
directly connected to each other, and source terminals of the
third transistors are directly connected to each other.

18. An amplifier, comprising:

afirst stage having a pair of first transistors, each of the first
transistors having a first gate terminal coupled to a first
input voltage;

a second stage having a pair of second transistors, each of
the second transistors having a second gate terminal
directly connected to a drain terminal of one of the first
transistors;

a third stage having a pair of third transistors, each of the
third transistors having a third gate terminal directly
connected to a drain node of one of the second transis-
tors, each of the third transistors having their drain ter-
minals coupled to an output voltage; and

a resistor or triode device connected in parallel with the
drain terminals of the first transistors of the first stage to
control a gain of the amplifier.

19. A multiplying digital-to-analog converter (MDAC)

amplifier comprising the amplifier according to claim 18.

20. An amplifier comprising:

a pre-amplifier stage coupled to an input voltage;

a trans-conductive amplifier stage directly connected to an
output of the pre-amplifier stage; and

an integrator amplifier stage directly connected to an out-
put of the trans-conductive amplifier stage,

wherein at least one of the trans-conductive amplifier stage
or the integrator amplifier stage includes:
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a pair of first transistors, each of the first transistors
being coupled to a first common source node and
being coupled to different gate and output nodes; and

a pair of second transistors, each of the second transis-
tors being coupled to a second common source node
and different gate and output nodes,

wherein at least one of the first and one of the second
transistors have a common output node.

21. The amplifier according to claim 20, wherein the first
transistors are PMOS transistors.

22. The amplifier according to claim 20, wherein the sec-
ond transistors are NMOS transistors.

23. The amplifier according to claim 20, further compris-
ing a bias current supply coupled to the first common source
node.

24. A multiplying digital-to-analog converter (MDAC)
amplifier comprising the amplifier according to claim 20.

25. A method, comprising:

applying a voltage input to a first pair of transistors of a

pre-amplifier stage;

applying a voltage output at the first pair of transistors of

the pre-amplifier stage to a second pair of transistors of

a trans-conductive amplifier stage; and
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applying a voltage output at the second pair of transistors of
the trans-conductive amplifier stage to a third pair of
transistors of an integrator amplifier stage,

wherein a gain of the pre-amplifier stage multiplied by a

trans-conductance of the trans-conductive amplifier
stage multiplied by a capacitor value of the integrator
amplifier stage controls an open loop gain ofa connected
combination of the pre-amplifier stage, trans-conductive
amplifier stage and integrator amplifier stage.

26. The method according to claim 25, wherein source
terminals of the first pair of transistors of the pre-amplifier
stage are directly connected as a differential pair.

27. The method according to claim 25, wherein source
terminals of the second pair of transistors of the trans-con-
ductive amplifier stage are directly connected as a differential
pair.

28. The method according to claim 25, wherein source
terminals of the third pair of transistors of the integrator
amplifier stage are directly connected as a differential pair.

29. The method according to claim 25, wherein the pre-
amplifier stage, trans-conductive amplifier stage, and integra-
tor amplifier stage are stages of a multiplying digital-to-ana-
log converter amplifier.
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